Neuroimaging of HFMD infected by EV71  by Cheng, Hua et al.
HOSTED BY Available online at www.sciencedirect.comScienceDirect
Radiology of Infectious Diseases 1 (2015) 103e108
www.elsevier.com/locate/jridReview
Neuroimaging of HFMD infected by EV71
Hua Cheng a,1, Jinjin Zeng a,**, Hongjun Li b,*, Yunfang Li b,1, Wei Wang b
a Imaging Center, Beijing Children's Hospital Affiliated to Capital Medical University, China
b Radiology Department, Affiliated Beijing You'an Hospital, Capital Medical University, Beijing, China
Received 14 November 2014; accepted 24 January 2015
Available online 3 March 2015AbstractPediatric hand-foot-mouth disease caused by human enterovirus 71 has been prevailing in recent years in China. As it involves the central
nervous system, the mortality rate remains high. The diagnosis of EV71 induced CNS damage is the key to improve the treatment of severe
EV71 infection. In our study, we performed neuroimaging in patients with severe HFMD infected by EV71 and presented our findings.
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Hand Foot and Mouth Disease (HFMD) is a pediatric acute
infectious disease caused by an enterovirus, which is common
in children aged under 5 years, especially in those aged under
3 years. HFMD is a self-limited disease, and most of its cases
can be relieved itself within 5e7 days. More than 20 subtypes
of the enterovirus can cause HFMD, commonly Coxsackie
virus A group 16 strain (CoxA16) and Human enterovirus 71
(EV71) [1,2]. EV71 has been prevalent in the past 4 years in
China, which is the pathogen for the outbreaks of HFMD with
a high mortality rate [3]. The EV71 is highly neurotropic, with
its severe cases having a high mortality and disability rate. It
can even involve the central nervous system (CNS) to cause
brainstem encephalitis, meningitis and myelitis [4]. Death of* Corresponding author. Radiology Department, Affiliated Beijing You'an
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).children patients with EV71 infection is mainly caused by
cardiopulmonary failure induced by CNS diseases [5].
Therefore, the diagnosis of EV71 induced CNS damage is the
key to improve the treatment for severe cases of EV71
infection.
2. Epidemiology
EV71 is an RNA microvirus and it was firstly separated
from stool specimens of a baby with central nervous system
diseases in California in 1969. In 1973 it was confirmed to be
the pathogen of HFMD in Japan [6,7]. Epidemiological studies
have demonstrated that EV71, the main pathogen of HFMD,
can cause severe neurological complications, and even death
of infants and young children [3,4]. The prevalence of EV71
has been reported in many countries and regions, such as
Bulgaria, Hungary, Australia, Sweden, Japan, Malaysia,
Singapore, mainland China, Hong Kong and Taiwan. Outbreak
of EV71 infection occurs every 2e3 years and tends to be
pandemic [8e10]. Since the outbreak of HFMD in Fuyang,
Anhui province, China in April, 2008, HFMD was listed as a
legal infectious disease in China on May 2, 2008. From 2009
to 2012, HFMD was ranked the first among the 39 legal in-
fectious diseases, with more than 1.5 million reported cases
and more than 500 deaths per year [2]. According to a CDC. Production and hosting by Elsevier B.V. This is an open access article under
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are patients with enterovirus 71 (EV71) infections. EV71
causes not only HFMD, but also aseptic meningitis, brain stem
encephalitis and poliomyelitis-like paralysis, Guillain-Barre
syndrome and other serious neurological complications.
EV71 infection often causes pulmonary edema or hemorrhage
and can even lead to death within a few hours or days. EV71,
therefore, constitutes one of the important pathogens threat-
ening health and life of children. According to an epidemi-
ology report by Ge Yanling [11] based on data from pediatric
cases of HFMD from 2010 to 2011 in Shanghai, 90% of severe
HFMD cases as well as all critical and death cases of HFMD
are related to EV71 infection. The surveillance data from 1988
to 2005 in Taiwan, China has demonstrated that EV71 infec-
tion accounts for only 38.4% for severe and death cases of
HFMD [12]. However, EV71 infection is a more serious threat
to health and life of children in mainland China. According to
epidemiological studies, boys are more susceptible to EV71
induced HFMD [12e15], which is consistent with the data of
Southeast Asia. Its severe complications commonly occur in
children aged under 3 years and the incidence rate is especially
higher in infants aged under 1 year [5]. Serum epidemiology
has proved that the positive rate of neutralizing antibody in
serum of 1 year-old infants with EV71 infection in Shanghai is
a minimum of 13.4%. EV71 positive rate of neutralizing
antibody in serum at different age is negatively related to
distribution of EV71 infection cases [16]. In addition, floating
population definitely accounts for the outbreak of EV71
induced HFMD, and EV71 infection may be related to living
environment and personal hygiene habits [11].2.1. Clinical manifestations and diagnosis of severe
HFMDAccording to the Diagnostic and Therapeutic Guideline
for Hand-Foot-Mouth Disease (2010), severe cases of
HFMD refer to children with HFMD plus the following one
or more complications: 1) neurological complications such
as meningitis, myelitis, encephalitis or cerebrospinal men-
ingitis; 2) pulmonary edema or hemorrhage; 3) cardiore-
spiratory failure. The critical cases are defined as the
condition complicated by pulmonary edema or hemorrhage
and (or) cardiorespiratory failure. The age distribution of
severe HFMD cases is the same as the overall age distri-
bution of pediatric EV71 infection. Children aged 1e3
years, especially those aged 1 year, are especially vulnerable
to HFMD. Such patients may progress into severe conditions
when they suffer from the following condition: (1) persistent
high fever with a body temperature >39 C (axillary tem-
perature) that conventional antipyretic therapy is ineffective;
(2) neurological complications such as depression, vomiting,
lower threshold of being frightened, limb tremor, weakness,
instability standing or sitting; (3) tachypnea, bradypnea or
irregular breathing rhythm; (4) cold sweat, cold extremities,
strip-like skin, increased heart rate (>140e150/min, ac-
cording to the age), elevated blood pressure, capillary refill
time prolonged (>2 s) and other circulatory disorder; (5)apart from other factors of infection, peripheral blood
WBC count >15  109/L; (6) stress hyperglycemia
(>8.3 mmol/L).2.2. Neuroimaging of EV71 induced severe HFMD
2.2.1. Myelitis and spinal meningitis
The lesions with the spinal cord anterior horn involved
were specific signs for its diagnosis. By MR imaging, the
specific signs for the lesions at the spinal cord anterior horn
were high T2WI signal and low T1WI signal, which were
axially round and sagittally strip like or beaded
[17,18](Fig. 1A, D, E). Histopathology showed inflammatory
changes with perivascular tissues involved, which were mainly
mononuclear cell infiltration, degeneration and necrosis of
neurons, with neuronophagia and obvious microglial nodules
[19,20]. Autopsy confirmed extensive inflammatory changes at
the brainstem and spinal cord, mainly involving the gray
matter [8]. EV71 could be cultured from the spinal cord and
then be extracted, which prompted that the virus directly
invaded the spinal cord [19,20]. In upper limbs involved pa-
tients, the lesions were located in the anterior horn of spinal
cord around C3-7 levels. In lower limbs involved patients, the
lesions were located at the region from T10 to the horizontal
anterior horn. Lower limbs involvement is more than that of
upper limbs [17,21,22]. Spinal cord anterior horn may have
cystic change in severe case, which is consistent to cerebro-
spinal fluid signal [21]. The range and signal intensity of
anterior horn lesions is positively correlated with clinical
symptoms [21]. According to Cheng's [17] research, MRI of 3
cases in 5 unilateral limb weakness cases showed that bilateral
anterior horns of spinal cord were involved. But the abnormal
signal of spinal cord anterior horn at the affected side was
higher and wider. As for the other side, it was unclear about
whether the clinical symptoms were not found easily or there
was no abnormity at all, which needed for follow-up. Contrast-
enhanced T1WI scan displayed the spinal cord anterior horn
lesion and anterior root reinforcement [17,18,21], which sug-
gested the presence of spinal cord edema and inflammatory
reaction, accompanying with nerve root inflammation (Fig. 1B
and C). 10 days after onset, it was subacute phase, with no
obvious enhancement within the spinal cord. 4 weeks to 2
months later, reexamination showed that nerve root inflam-
mation disappeared, and long T1 and long T2 signals in the
spinal cord were found. However, these changes could not
determine the final limb movement recovery [23]. According
to Cheng's study in 7 cases (Taiwan, 1998) for 14 months on
average, it was found that 80% of unilateral involvement could
recover completely, and the left 20% remained mild limb
weakness. As for the bilateral involvement, different limb
movement weakness was found, which suggested that nervous
system prognosis related to the range of lesions in MRI.
Another study by Chang for 16 infants with an average follow-
up of 2.9 years showed that, 56% (9 cases) had unilateral limb
weakness and atrophy. Still another study by Cheng [24] who
followed up 8 AFP cases that related to HFMD infected with
EV71 was carried out for about two years. Spinal cord MRI of
Fig. 1. Bilateral AFP, with urinary retention. Bilateral spinal cord anterior horn shows symmetric high signal on T1WI(A), bilateral spinal anterior root enhanced,
anterior horn without enhancement (B). Multiple spinal cord ventral nerve roots in cone horizontal enhancement (C), the lesion shows high signal on T2WI (D, E).
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lesions decreases (Figs. 2 and 3). Wherein, in 5 cases of whom
T2WI signal intensity reduced, the myodynamia reached grade
4 or above; in 2 cases of whom the signal intensity did not
reduced (still as the cerebral spinal fluid signal), the myody-
namia did not reach grade 4. Those indicated that the lesion
range (that is, the T2WI signal [24]) was positively associated
with clinical manifestations. For self-limited or reversible le-
sions, pathogenesis always cannot be found by histological
examination. It is uncertain about whether these lesions caused
by virus direct invading the spinal cord, or caused by the
demyelination after infection.
Myelitis caused by HFMD infected with EV71 performs
similar as poliomyelitis, therefore it also was known as non
polio. Their clinical manifestations were also similar, both
revealing acute flaccid paralysis (AFP), and based on that AFP
caused by EV71 was named as poliomylitis-like syndrome
[2,21]. The clinical course is bidirectional, prognosis is betterFig. 2. Sagittal T2WI (A) shows on the T12-conical levels the spinal cord
slightly plump, high signal like string-of-beads; 2 years later review, (B)
sagittal T2WI showed residual spot slightly high signal on the
intumescentialumbalis.thanpoliomyelitis [2,12]. More invade to unilateral spinal cord
anterior horn or unilateral mainly, at the same time with
ipsilateral anterior root enhancement. Polio course of disease
is unidirectional, symmetry bilateral involvement of spinal
cord anterior horn cells, and no anterior root enhancement
[25]. The prodrome of EV71 related AFP is often HFMD,
herpangina and so on, but no such change of poliomyelitis. In
addition, Coxsackie virus, Japanese encephalitis virus, Echo-
viruses, intestinal virus (EV), west nile virus [25e27] could
also induce AFP, were mainly identified by etiological ex-
amination. When the bilateral anterior root is involved, it
should be differentiated from Guillian-Barre syndrome (acute
inflammatory demyelinativepolyradiculoneuropathy). The
disease has no spinal cord anterior horn lesions, also does not
have spinal nerve root enhancement, which is different to
EV71 associated with AFP. In addition, it should also be
differentiated from transverse myelitis, transverse myelitis
may involve the entire spinal cord, gray matter and white
matter may be all involved, can be differentiated.Fig. 3. (A) In the early stage of disease, bilateral spinal cord anterior horn
shows high signal on T2WI, similar to CSF signal, the range of left lesion is
larger; 2 years later reexamination (B) T2WI shows bilateral lesions range
reduced, signal decreased, and slightly high signal.
Fig. 5. (A)A 12 month-old female. T2 FLAIR shows mild high signal on the
right thalamus. (B)A 15 month-old female. T2 FLAIR shows patchy high
signal on white matter of the right frontal and left parietal lobes.
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The lesion caused by HFMD infected with EV71 accom-
panying with central nervous system was at the medulla
oblongata and posterior of pons, and the central of midbrain or
major of midbrain, bilateral cerebellar dentate nucleus and the
anterior horn of cervical spinal cord might also be involved
[28]. Huang et al. [29] reported brain MRI manifestations of
24 cases of brainstem encephalitis in 1998 during the EV71
epidemic in Taiwan China. The order that from easily involved
parts to difficultly involved parts was as follows: the
tegmentum of pons (72%), medulla oblongata (55%),
midbrain (44%) and the dentate nucleus (22%). The more
severe symptoms were, the larger the region was involved.
Because no abnormal signal and enhancement were on the
supratentorial brain tissue, it called Ling encephalitis (rhom-
beneephalltis). Cheng et al. [30] had study 26 cases of
brainstem encephalitis, the order of easily involved parts is the
similar as Huang's, but the medulla oblongata is the most
easily damaged parts. All of the 26 cases appeared abnormal
signal on medulla oblongata. Although some scholars have
found that, in addition to the typical change of brainstem, the
brain can also occur atypical manifestation, thalamus, frontal
and parietal lobe white matter can also be involved in Refs.
[31,32] and the lesions enhanced [31] (Figs. 4 and 5).
Complicated by the aseptic meningitis the image can show
subdural broadening, meningeal enhancement, hydrocephalus
and other nonspecific signs [31]. Brainstem encephalitis is
mainly involved in the posterior of medulla oblongata, pons
and midbrain gray nucleus [33e35]. Bilateral spinal cord
anterior horn, dentate nucleus, thalamus and putamen may
also be affected. The pathological changes are neuronal
degeneration and necrosis, neuronophagia phenomenon,
vascular cuff, the macrophages and microglial cell diffuse or
nodular hyperplasia in brain parenchyma, with a small amount
of lymphocytes infiltration, obvious edema, inflammation,
necrosis and so on. It can be confirmed the presence of viral
antigen in the cytoplasm of neurons through the PCR method.
Meningitis performs lymphocytic leptomeningitis [36e39].
The direct invasion of virus and infiltration of inflammatory
cells cause hypoxia ischemia of gray nuclei, sodium potassium
pump dysfunction, forming cytotoxic edema [31,32]. As the
disease progresses, the water molecular diffusion rate in-
creases, cytotoxic edema evolved into vasogenic edema,Fig. 4. A 12 month-old male. (A)Cervical cord forefoot shows high signal on T2resulting in DWI signal decreased gradually, T2WI signal
increased gradually, so the DWI can significantly improve the
detection rate of lesions early.
According to the MRI performance, Chen, et al. [31]
divided the brain stem encephalitis caused by EV71 into I
and II types and performed follow-up study. Type I referred to
the lesion invading the dorsal brainstem nuclei, which showed
long T1 and long T2 signal patchy shadow. spinal cord fore-
foot was involved in 6 cases among 13 cases of type I, and the
brain stem outer could also be involved, such as the dilated of
top subarachnoid space (3 cases), ventricular dilatation (3
cases), frontal and parietal lobe abnormal signal (2 cases),
thalamus abnormal signal (1 case). There were 8 cases of Type
II. The lesions were located in the brainstem and dorsal side of
medulla oblongata, with the performance of low contrast fuzzy
long T1 and long T2 signal. The region of the dorsal brainstem
involvement was larger than that of type I, and the involve-
ment could also occur in the dentate nucleus (1 case). Follow
up for 3 months to 2 years, it revealed that, among 13 patients
of type I, 7 cases recovered completely, and MRI showed no
residual lesion. 2 patients died for the neurogenic multiple
organ failure. 4 cases had severe limb weakness, bulbar pa-
ralysis and myoclonus, with 2 cases having no obvious re-
sidual lesions and other 2 cases remaining the medulla
oblongata, dorsal of pons unilateral or symmetry flake long T1
and long T2 signal (Fig. 6). As for Type II, 6 cases in 8 cases
recovered completely (Fig. 7), with 2 cases remaining mildWI. (B) Anterior spinal roots and (C) the medullary dorsal lesions enhanced.
Fig. 6. Type I brainstem encephalitis, T2WI shows symmetry spot high signals on the dorsal medulla and dorsal of pons (a, b), followed exam showed dorsal of
pons fuzzy high signal on T2WI, dorsal medulla symmetry patch high signals on T2WI (c, d).
Fig. 7. Types II brainstem encephalitis, the pons and dorsal medulla shows fuzzy high signal on T2WI (a, b), after treatment high signals on T2WI disappeared at
the dorsal brain stem (c).
107H. Cheng et al. / Radiology of Infectious Diseases 1 (2015) 103e108neurological damage and only 1 case showing residual fuzzy
long T2 signal at the dorsal of medulla oblongata.
3. Conclusion
MRI is the preferred method for diagnosis of EV71 infected
HFMD accompanying with nervous system complication. The
affected regions of HFMD associated encephalomyelitis
infected by EV71 have specificity, including spinal cord
anterior horn, dorsal of pons and medulla oblongata, midbrain,
and cerebellar dentate nucleus at cervical enlargement and
intumescentia lumbalis regions. Thalamus and cerebral
hemisphere can also be involved in few cases, with direct or
indirect imaging changes of encephalomyelitis. MRI findings
have certain correlation with clinical manifestation and
prognosis.
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